Abstract Our objective was to assess and validate low-dose computed tomography (CT) scanogram as a post-operative imaging modality to measure the mechanical axis after navigated total knee replacement. A prospective study was performed to compare intra-operative and post-operative mechanical axis after navigated total knee replacements. All consecutive patients who underwent navigated total knee replacement between May and December 2006 were included. The intra-operative final axis was recorded, and postoperatively a CT scanogram of lower limbs was performed. The mechanical axis was measured and compared against the intra-operative measurement. There were 15 patients ranging in age from 57 to 80 (average 70) years. The average final intra-operative axis was 0.56°varus (4°varus to 1.5°valgus) and post-operative CT scanogram axis was 0.52°varus (3.1°v arus to 1.8°valgus). The average deviation from final axes to CT scanogram axes was 0.12°valgus with a correlation coefficient of 0.9. Our study suggests that CT scanogram is an imaging modality with reasonable accuracy for measuring mechanical axis despite significantly low radiation. It also confirms a high level of correlation between intra-operative and post-operative mechanical axis after navigated total knee replacement.
Introduction
Conventional instrumentation for total knee replacement (TKR) may have limited accuracy in determining the crucial landmarks required to achieve correct mechanical axis alignment [5, 17] . With the advent of computer-guided surgery, various studies have suggested improved mechanical axis alignment for TKR using this technique [3, 5, 13] . We consider the computer-generated axis measurement to be a gold standard, given its high accuracy and reproducibility. Computed tomography (CT) scanogram is an extremely lowdose radiation imaging modality which does not require any special equipment except a basic CT scanner. To our knowledge there are no studies in the literature comparing intra-operative computer-generated axis and post-operative radiographic axis with the use of CT scanograms. Conventional long leg films involve significant radiation, which can be minimised by the use of CT scanograms. Besides, long leg films also require special long film plates which are not commonly available in most hospitals.
Materials and methods
A prospective study was performed to compare the intraoperative and post-operative alignment of the lower limbs after navigated total knee replacements. All consecutive patients who underwent navigated total knee replacements between 1 May 2006 and 31 December 2006 were included in the study. An informed consent was obtained from all patients. Patients with inadequate data, patients who refused to participate in the study or were lost to follow-up and patients less than two weeks post-surgery were excluded. The intraoperative final axis in maximum extension was recorded from the navigation system. Post-operatively a CT scanogram of the lower limbs was performed with the knee in the same position ( Fig. 1) . Measurement of the mechanical hip-kneeankle axis of the lower limb was performed on the scanogram. Results were subjected to matched pair analysis and a comparison made between the final and scanogram axis with assessment of their correlation coefficient.
Results
Complete data were available for 15 of the 25 patients initially recruited in the study. There were four men and 11 women ranging in age from 57 to 80 (average 70) years. The right knee was replaced in 12 and the left knee in three patients. The average intra-operative final axis recorded on the navigation system was 0.56°varus (4°varus to 1.5°v algus) and the average radiographic mechanical axis measured on CT scanogram in maximum possible extension was 0.52°varus (3.1°varus to 1.8°valgus) ( Table 1 ). The average deviation from final to radiographic alignment was 0.12°valgus (Fig. 2) . The correlation coefficient between final and scanogram axis was 0.9. [14] .
With the use of computer navigation for TKR, many studies have reported an increase in the accuracy and reproducibility of component placement and limb alignment [3, 7, 18] . Given the precise algorithm which allows accurate measurement of mechanical axis, computer navigation is now considered to be the new gold standard for the purpose. Recently, Graydon et al. [6] evaluated the in vitro use of a navigation system based on electromagnetic technology, reporting accuracy similar to infrared-based navigation systems for total knee arthroplasty.
Most studies use full-leg radiographs or CT scan for assessment of overall mechanical alignment [4, 12] . However, these can be associated with significant radiation to the patient. The average dose of radiation with the conventional long leg radiograph is reported to be 0.7 mSv [8] . In our series, the average dose of radiation with the CT scanogram was estimated to be between 0.1 and 0.2 mSv. There is considerable variation in the literature regarding the dose of radiation depending on the CT technique and the protocol used. The Perth protocol [4] has reported a dose of 2.7 mSv and the Imperial knee protocol [10] a dose of 0.74 mSv in women and 0.54 mSv in men.
Our study shows no significant variation between intraoperative final computer-generated axis and CT scanogram axis, the average deviation being only 0.12°valgus. The correlation coefficient of 0.90 between final navigation axis and post-operative radiographic axis confirms that CT scanogram can be a reliable imaging modality in the measurement of mechanical axis alignment. It is easy to perform, involves low-dose radiation and yet provides reasonable accuracy.
Several limitations can be cited to be inherent to the technique, which involve variation due to rotational malalignment, inability to perform imaging whilst weightbearing (although this is not possible intra-operatively either, hence does not affect the validity of the study) and perhaps a relatively small number of patients included in this study. We suggest that more studies be undertaken in different settings to further check the results before widespread use of the technique is advocated.
